Sargassum horneri which grows in Obama Bay, a branch bay of Wakasa Bay facing the Japan Sea, was studied ecologically. Ten plants were collected monthly on the sheltered rocky shore from October 1980 to May 1981 and on the exposed rocky shore from August 1981 to May 1982. On the sheltered shore, the primary laterals reached an average of 161.0cm in May, whereas on the exposed shore their maximum length was 99.0cm in May. In the former a daily growth in length of the primary laterals was 1.96cm from December to January, whereas that in the latter was 0.96cm from December to January. The average weight of the plants from the sheltered shore was 34.0g (dry weight) in May, corresponding to 0.21g per centimeter of the primary lateral. Those from the exposed shore were 21.5g (d.w.), which was equivalent to 0.23g per centimeter of the primary lateral. When the plants from the exposed shore grew over 90cm in length, their weight increased abruptly, adding 16g with an elongation of 10cm of the primary lateral, while plants over 120cm in length from the sheltered shore increased in weight by only 7.0g with an elongation of 10cm of the primary lateral. The leaves of the young plant and the lateral branches of the primary lateral were produced spirally with a divergence of 2/5, and this pattern did not change for the entire length of the primary lateral. Sargassum beds, which are an important nursery ground for living organisms such as fishes, crabs, sea urchins, abalones, etc., have so far been studied from the standpoint of a fishery ground in Japan. Studies on the population ecology of Sargassum species were carried out by research members of the Nansei Regional Fisheries Re search Laboratory at Hiroshima and of Fisheries Stations at Tokushima, Ehime, Hiroshima and Yamaguchi Prefectures,1) situated on the coastal area of the Seto Inland Sea. Species studied were Sargassum horneri, S. gigantifolium, S. micra canthum, S. patens, S. ringgoldianum, S. sagamianum, S. serratifolium and S. tortile. In order to know the ecological characteristics of the bed it is necessary to study the ecology of Sargassum species forming the bed. Until re cently, S. thunbergii,2) S, miyabei,3) S. patens,4,5) and S. serratifolium4) have been studied. Like wise, the morphogenesis and growth in the early stages of some Sargassum species like S. piluli ferum, S. patens, S. horneri, and S. duplicatum have been studied.6-9) KAWAMOTO and TOMIYAMA10) studied the growth of young germlings of S. horneri which they cultured on synthetic ropes in sea. Growth of Wants and laterals of S. muticum in England, which is also an im portant species forming Sargassum beds in Japan, was studied by KANE and CHAMBERLAIN11) based on field observations and laboratory cultures. The purpose of this study is to know the role and the species characteristics of S. horneri within a Sargassum bed including the following: the growth of plants and primary laterals (first-order lateral) and their seasonal variations in length and weight, the relationship of primary laterals to their lateral branches (second-order lateral) in length and weight, and the mode of branching of lateral branches arising from the primary lateral ( Fig. 1 ). The author wishes to express his sincere thanks to Dr. I. A. ABBOTT, Department of Botany, University of Hawaii, for her critical reading and for correcting the English manuscrint.
UMEZAKI

Materials and Methods
Sargassum horneri (TURNER) C. AGARDH is an annual species, commonly distributed in Obama Bay, a branch bay of Wakasa Bay, where the pre sent work was done, growing on rocks at low tide level or at depth of up to 2-3, rarely 10m.
Col lections were made from the sheltered rocky shore from the time of germling occurrence in October 1980 until senescence in May 1981, and from the exposed rocky shore from August 1981 to May 1982. Ten plants were collected once a month at random from the collection sites and their measurements were made at Kyoto University.
Data on sea water temperatures were available through the courtesy of the Culture Center of Sea organisms at Obama, Fukui Prefecture, located about 10km east from the study area ( Fig. 2 ). 
Results
Length of Primary Laterals and Its Seasonal Variation
On the sheltered shore, young plants derived from germlings were found in October 1980. The length ranged from 2.0 to 12.0cm with a mean of 5cm.
These grew rapidly from October to November with an increasing average of 5.0 to 37.0cm, amounting to 7.4 times as long as that of the plants in October.
Their length increase was 1.6 times from November to December and 2.2 times from December to January 1981. In February 1981 their average length was 95cm which was shorter than that of January's plants which had an average of 115.0cm.
This negative growth may have resulted from materials collected at a different site from that in the previous months.
The maximum length of primary laterals was in May reaching a mean of 161.0cm ( Fig. 3 ).
In 1981, the initial germlings derived from fertilized eggs appeared in the middle of August measuring from 0.2 to 1.0cm in length with a mean of 0.5cm.
The growth of primary laterals was gradual from August to December; that is, its length increased 4 times from August to September, 2.7 times from September to October, 1.8 times from October to November, and 2.0 times from November to December. The in crement of primary laterals in length was 2.5 times from January 1982 to February and 1.3 times from February to March.
In April, the primary laterals reached its maximum length, measuring 99.0cm in average. Late in May, the upper parts of primary laterals began to decay and their length decreased gradually. Therefore, the primary laterals in May were a little shorter than those in April.
In the middle of June, most of the plants were detached from their substratum ( Fig. 3 g corresponding to about 3.9 times as heavy as that of the previous month, when it was 5.5g as an average (Fig. 3) . The weight of all female receptacles in one plant corresponded to 27.8 to 42.0% of the total weight of the plant. In November 1980, plants from the sheltered shore were 0.035g per centimeter of their primary lateral. However, the weight became 0.21g in May 1981. In January 1982, plants from the exposed shore weighed 0.02g per centimeter of the primary lateral. In May, the weight became 0.23g.
The daily growth in weight of plants from the sheltered shore was over, 0.15g during the suc ceeding months after January 1981. It was 0.32g from February 15 to March 16 when primary laterals elongated rapidly and was 0.33g from April 12 to May 23 when the , plants produced receptacles. The plants from the exposed shore were 0.34g during the maturation period from March 12 to April 24 (Table 1) .
A primary lateral was divided into five sections of equal length, regardless of the total length of the primary lateral, from base to apex, 5-1, 5-2, 5-3, 5-4, and 5-5. The following measurements were made in each section: 1) number of lateral branches, 2) distance between two lateral branches, and 3) weight of lateral branches (Fig. 4 ). 
Number of Lateral Branches in Each Section of a Primary Lateral
Apical section (5-5) had 20, 30, and 80 lateral branches on the primary laterals of 20-40cm, 50-85cm, and 100-200cm, respectively. These numbers corresponded to 33.5, 39.5, and 55.5 of the total number of all lateral branches arising on the respective primary laterals. Middle sec tion (5-3) had 10.5, 10.0 and 14.2 lateral branches on the primary laterals of 20-40cm, 50-85cm, and 100-200cm, respectively. This suggests that the middle section had not produced lateral branches during the growth.
Distance between Two Lateral Branches, in Each Section of a Primary Lateral
Because the apex of a primary lateral is a growth point continuously producing new lateral branches during . its elongation, the distance be tween two lateral branches in apical section was from 0.23 to 0.43mm and is considered very short. On the other hand, the other sections of the primary lateral (5-1, 5-2, 5-3, and 5-4) did not produce new lateral branches, instead, the distance between two lateral branches became longer. For example, the distance in the middle section (5-3) was 0.58cm, 1.17cm and 2.15cm on the primary laterals of 20-40cm, 50-85cm, and from the exposed shore (•£, a-1). 
Weight of All Lateral Branches in Each Section of a Primary Lateral
The weight of all lateral branches in both basal (5-1) and apical sections was lighter than that of other sections (5-2, 5-3, and 5-4). The percentage of the weight of lateral branches in the middle section (5-3) to the total weight of all lateral branches arising on the primary lateral was 30% in the primary laterals of 20-40cm, 25 % in 50-85cm, and 20 % in 100-200cm.
Relationship Between the Length of a Primary Lateral and the Total Length of All Lateral Branches Arising on the Primary Lateral
Lateral branches were produced throughout the length of the primary lateral. The total length of all lateral branches arising on the pri mary lateral from a sheltered shore plant increased in the same pattern as that from the exposed shore until reaching 90-100cm long. The total length of all lateral branches arising on the pri mary lateral whose length was 90-100cm long was about 900cm long, which corresponded to 10 times as long as the length of the primary lateral. In the primary laterals of 120-200cm in length their total length of all lateral branches elongated 110cm as the primary 'lateral grew 10cm in length. On the other hand, the primary laterals of plants from the exposed shore stopped their elon gation at 90-100cm in length and their lateral branches elongated steeply, their total length becoming twice as long as that of primary laterals of 90-100cm ( Fig. 5 ). When the apex of a pri mary lateral was damaged or cut off by certain environmental factors, elongation stopped and lateral branches lengthened abnormally. Their total length of lateral branches was sometimes several times as long as that of normal plants whose apices were not damaged.
For example, a primary lateral whose apex was cut off at 15cm long had abnormally elongated lateral branches with a total length of 700cm (Fig. 6c ). Relationship Between the Length of a Primary Lateral and the Dry Weight of the Plant Plants of up to 120cm long from the sheltered shore increased their weight with growth, usually increasing 0.8g with the elongation of 10cm. Afterwards, they began to produce receptacles and weighed 28.0g during the elongation of 40cm from 120 to 160cm in length. On the other hand, plants of up to 90-100cm from the exposed shore increased their weight in the same pattern as those from the sheltered shore. However, plants which grew over 90-100cm long increased their weight abruptly, adding 16 g to the plant with the elonga tion of 10cm of the primary lateral ( Fig. 7) .
Mode of Arrangement of Leaves and Lateral Branches on Primary Lateral
Leaves of a young primary lateral and lateral branches are produced spirally around the pri mary lateral, exhibiting a divergence of 2/5 which is similar to leaves arising on a stem of some higher plants. The mode does not change throughout the life of the species and the whole length of the primary lateral. There are three valleculae along the length of a primary lateral, each of which is produced along the upper side of each lateral branch but not formed along the underside (Fig. 8 ).
Discussion
Species of the genus Sargassum in Wakasa Bay can be divided into annual algae to which S. horneri and S. fulvellum belong, and perennial algae in which S. confusum, S. hemiphyllum, S. micracanthum, S. miyabei, S. muticum, S. patens, S. piluliferum, S. ringgoldianum, S. serratifolium and S. thunbergii are included. In perennial species a part of the plant-stem, holdfast, and stolon (creeping filament) persists following decay of upright shoots. However, after becom ing matured, the whole plant of S. horneri detached completely from its holdfast without leaving any part of the plant. Therefore, young plants which were found growing on rocks in the middle of August or in early autumn were germlings derived from fertilized eggs.
The season or month when the plants or their The plants which grew on the exposed shore had lateral branches which were longer than those of the plants grown on the sheltered shore. The former plants were bushy in appearance and their weight had a mean of 21.5g (d.w.) which was calculated to be 0.23g per centimeter of the primary lateral. And the latter were slender and their weight had a mean of 34.0g (d.w.) which was 0.21 per centimeter of the primary lateral. In Hiroshima Bay in the Seto Inland Sea there are 13.2 to 39.6 plants of Sargassum horneri in the area per m2 in spring when they become matured, according to TAKABA.13) If 20 plants grow in the area per m2, the biomass of the species may be estimated to be 680g (d.w.) on the sheltered shore while 430.9 g (d.w.) on the exposed shore. The biomass here estimated is much smaller than those of S. patens'I which was 4,022g (d.w.) per m2 in Noto Peninsula and 5,800g (d.w.) in Wakasa Bay5) and of S. ser ratifolium4 which was 7,070g (d.w.) per m2 in Noto Peninsula.
When the primary laterals of S. horneri were cut off or damaged at their apices, their lateral branches, as in S. thunbergii 2) and S. miyabei,3) elongated abnormally sometimes reaching to 10 or 20 times longer than their primary lateral. On the exposed shore many plants whose apices werecut off or damaged were encountered with abnormally longer lateral branches. This shows thatShorneri has apical dominance, although the whole length of primary lateral grows diffusely.
Although the apical portion of the primary lateral in Sargassum grows better than subapical portion14) as described above, the whole length of primary lateral elongates during its growth. Iwas shown in the present study that the distance between two lateral branches in the middle part of the primary lateral extended appreciably as the growth advanced. However, in S. muticum littleor no extension occurred in the lowest portion (basal portion) of the primary lateral. 11)
In the Fucalean algae, the branching is classified into two types : Apical branching (dichotomous branching) and lateral branching (monopodial branching).15) The Sargassaceae exhibits the latter type, which can be separated into two sub types, bilateral and radial.5) JENSEN15) and FENSHOLT16) reported that the primary lateral in Carpophyllum and Cystoseira is radially arranged on main axis (stem). TERAWAKI et al.') reported that the leaves of S. horneri are arising spirally on theiryoung primary lateral. It was found from the present study that the leaves on young pri mary lateral and lateral branches were produced spirally with a divergence of 2/5 and that this pattern was not changed throughout the life of S. horneri.
